ABSTRACT
INTRODUCTION
Salter innominate osteotomy (SIO) has been widely used for the treatment of developmental dysplasia of the hip (DDH) in patients aged <10 years, so as to change the direction in which the dysplastic acetabulum develops. [1] [2] [3] [4] [5] [6] [7] We compared patients with DDH aged <3 versus ≥3 years who underwent open reduction and SIO. The femoral shortening, varus, derotational osteotomy procedure is frequently combined with SIO in patients aged ≥3 years.
MATERIALS AND METHODS

Between 1994 and 2002, 53 girls and 8 boys with
DDH underwent open reduction and SIO; 21 (34%) were on the left side, 22 (37%) were on the right side, and 18 (30%) were bilateral. Patients were divided into 2 groups: group 1 included 35 patients aged <3 years (46 hips) and group 2 included 26 patients aged ≥3 years (33 hips). None had preoperative skin or skeletal traction, nor derotational varus/valgus osteotomies or shortening procedures. Patients with adductor tightness underwent adductor tenotomies. Kirschner wires were used for stabilisation of the graft. A postoperative spica cast was applied and changed to an abduction brace (such as a Von Rosen or Ponsetti splint) 45 days later and retained for an additional 6 weeks.
Clinical outcomes were assessed using the modified McKay criteria to measure pain symptoms, gait pattern, Trendelenburg sign status, and the range of hip joint movement (Table 1) . 8, 9 Radiographic outcomes were evaluated using the Severin method 10 (Table 2) to measure the Sharp acetabular angle  11 and  the centre-edge (CE) angle 12 at diagnosis, immediate postoperation, and last follow-up. Avascular necrosis (AVN) of the femoral head was graded as: I (changes affecting the ossific nucleus), II (lateral physeal damage), III (central physeal damage), or IV (total damage to the femoral head and physis). 13 The t test and Pearson Chi squared test were used for statistical analysis. A p value of <0.05 was considered significant.
RESULTS
In groups 1 and 2, respective mean ages at operation were 22 and 42 months (p<0.005), mean ages at the last follow-up were 7 and 9 years (p=0.005), and mean follow-up durations were 58 and 62 months (p=0.62) [ Table 3 ]. Respective mean preoperative and postoperative acetabular angles were 39º and 38º, and 20º and 22º, and the corresponding mean postoperative CE angles were 35º and 35º. All were not significantly different (Table 4) . Nor were the last Severin radiographic outcomes (p=0.17, Table  5 ), McKay clinical outcomes (p=0.38, Table 6 ), and complication rates (p=0.41).
In group 1, the Kirschner wire migrated in 3 (7%) of the patients and 5 (11%) developed AVN. By contrast, in group 2, one (3%) of the patients sustained a femoral fracture and 5 (15%) developed AVN. Of the 10 hips with AVN, 5 were grade I, 3 grade II, one grade III, and one grade IV. Higher grades of AVN were more common in group 1. There were 2 subluxations and one redislocation in group 2. Superficial/deep infection, ischiadic nerve palsy, and migration or breakage of the graft were not encountered. Satisfactory and unsatisfactory results in groups 1 and 2 are shown in Figures 1 to 4 .
DISCUSSION
The choice of treatment for DDH patients aged <10 years is concentric reduction of the femoral head in the acetabulum. Lance and Pemberton type of acetabuloplasties as well as SIO and Chiari type of iliac osteotomy are the most used techniques. 6, 14, 15 Some studies showed that SIO had better outcomes than Chiari iliac osteotomy. 16 The acetabular and 10 CE angles were greater after acetabuloplasties than after SIO. 17 Acetabular angles show the expected improvement at follow-up. Acetabuloplasties cause deterioration of ossification centres in the acetabulum so that acetabular abnormalities are likely. Therefore, SIO is widely recommended. 6 Our overall AVN rate is comparable with that reported in other studies, 4, [18] [19] [20] although in group 2 it was slightly higher. AVN is a common complication in the treatment of DDH, particularly after open reduction rather than pelvic osteotomy. 4 Open reduction is not the only predisposing factor; attempted conservative management, patient age, follow-up duration, and inappropriate positions in the cast or brace also have an impact. 7, 21, 22 For these reasons, careful examination and assessment of patients before open reduction, capsular repair, and SIO are recommended. Pelvic osteotomy without open reduction is required in some cases.
Only 2 subluxations and one redislocation were encountered in group 2, which was comparable to results in other series. 4, 15, 18, 23 Such low rates were attributed to appropriate pelvic osteotomy and thorough capsular repair, absence of myostatic contractures in the psoas, femoral acetabular congruence, experienced surgeons, and younger patients that did not require additional operations (excepting open reduction and pelvic osteotomy).
Reported rates of Kischner wire migration vary from 0.6 to 10%, 4, 7, 18 consistent with the rate of 7% in our group-1 patients. The proximal end of the Kirschner wires were bent when left out of the skin. Care must be taken not to disturb stabilisation of the graft when bending the wire; such bending is more effective at the upper left iliac apophysis.
The migration or breakage of the graft is often caused by immobilisation osteoporosis or early removal of Kirschner wires. The rate varies from 0.3 to 4%. 4, 7, 18 Superficial/deep infection or ischiadic nerve palsy was not encountered in our patients. The infection rate was 1.5% in Salter's series. 4 In our series, 98% in group 1 and 91% in group 2 yielded satisfactory (excellent or good) radiological results, whereas 88% in group 1 and 85% in group 2 yielded satisfactory clinical results. Our results appear superior to those of other studies describing respective satisfactory radiological and clinical results of 71 and 78%, 18 and 84 and 97%.
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CONCLUSION
Open reduction and SIO without preoperative traction is effective in the management of DDH in children younger than 6 years. This study was retrospective and patients were not randomised. Prospective randomised controlled trials with larger sample sizes are needed to support our findings. (a)
